Introduction
Periodontal disease is the second-most common oral health problem in Indonesia after dental caries [1] . Periodontitis is a chronic inflammation of periodontal tissue that is caused by a group of specific microorganisms; this disease leads to the destruction of the periodontal ligament and alveolar bone. Periodontitis appears in the form of pocket formation and/or gingival recession. Progressive periodontitis with inadequate treatment could lead to a mobile tooth and tooth loss [2, 3] . Most chronic periodontitis cases involve a horizontal bone defect or one wall bony defect that involves almost all of the bone surface. Conventional periodontal treatment, including surgical debridement, is usually performed for repair rather than for regeneration. The ultimate objective of periodontal regenerative therapy is to form new bone and cementum with supportive periodontal ligaments. However, currently available periodontal regenerative therapies cannot achieve this goal [4] . Bone graft application cannot be used to reconstruct large defects in periodontal tissue because of the absence of a healthy bone wall to stabilize the graft until osteogenesis is completed. A previous study showed the potential of mesenchymal stem cells for tissue engineering to reconstruct large defects in periodontal disease. Four important components that are crucial to periodontal regenerative therapy are cells, scaffolds, signaling molecules, and blood supply [5] . Cell sheet technology (CST) is a stem cell cultured with temperature-sensitive substrates. Cell sheets with periodontal ligament cells can be applied on defect areas to promote osteogenesis. Although CST shows promise as a mesenchymal stroma cell carrier that can be used as regenerative material, its loose structure has limited its function. It is difficult to maintain its adherence to the root surface. To overcome this limitation, it is modified via the application of RGD and chitosan [6] . Periodontal tissue regeneration using CST was clinically and radiographically evaluated on Macaca nemestrina. To support this study series, experimental molecular evaluation is needed to describe the progression of regeneration during the short term.
Periostin is a 90-kDa extracellular protein that can be used as a biomarker for periodontal ligament and bone regeneration. As a prior study for molecular evaluation, this study will evaluate the protein band expression detected in SDS-PAGE gel around the molecular weight of periostin (90 kDa) in a control group (chitosan only), chitosan-cell sheet group, and RGD-chitosan cell sheet group in the gingival crevicular fluid (GCF) of M. nemestrina.
Materials and Methods
The study design is a descriptive laboratory experiment on M. nemestrina. A split-mouth design was performed on four regions of the lateral incisors of M. nemestrina. The alveolar bone in each region was intentionally destroyed to imitate the one wall defect of chronic periodontitis with the open flap procedure. In each region, different treatment was applied to the destruction site: chitosan only as a control group, cell sheet with chitosan, and cell sheet with RGD-chitosan. Cell sheet preparation was done before the flap procedure with periodontal ligament cells extracted from the central incisor. CST filled with mesenchymal stroma cells was adhered to the chitosan and applied to the defect area, and in the other group, CST was adhered to chitosan and RGD was used to adhere the cell sheet-chitosan to the root surface to enhance the attachment. GCF was collected from the gingival sulcus of each region of the lateral incisor by using some paper points every week. Paper points filled with GCF were placed in 100 l of phosphate buffered saline in Eppendorf tubes and stored at -80 °C in a refrigerator. A Bradford assay (ThermoScientific TM Pierce TM Coomassie Plus Protein Bradford kit) was performed to determine the protein concentration of each sample by using an ELISA Reader. An electrophoresis assay was performed using SDS PAGE (BioRad TM ) to detect protein in a sample based on its molecular weight.
Results and Discussion

Results
The initial bone regeneration could be evaluated from the periostin expression. Periostin was detected based on its molecular weight by using SDS PAGE. The molecular weight of periostin is 90 kDa, and some form of periostin could be detected at 87 kDa (Rios, Padial-Molina, and Volk 2015). In this study, some protein band was seen at 70-100 kDa in the cell sheet and chitosan group 2-3 weeks after application. Another protein band appeared at 70-100 kDa in the RGD-chitosan cell sheet group 1-2 weeks after application and faded after three weeks. This protein band can be assigned to periostin. In the chitosan group, no protein band was seen at 70-100 kDa in the first three weeks. In the cell sheet chitosan group, no protein band appears in the first week, but there is a light protein band in the second week and a thicker one in the third week at around the molecular weight of periostin. In the RGD cell sheet and chitosan group, there is a protein band at 70-100 kDa area in the first two weeks. This detection of the periostin protein band could indicate that healing and bone regeneration has already occurred in the first two weeks, which is earlier than in the cell sheet chitosan group.
Discussion
The goal of periodontal therapy is periodontal regeneration. Developments in tissue engineering have been aimed at realizing regeneration, especially in one wall bone defects. To achieve regeneration, scaffold, cells, and growth factor along with the blood supply are crucial. Chitosan has been used as a scaffold for many years, and it shows good results in healing [7, 8] . Mesenchymal stromal cells can regenerate the cementum, bone, and periodontal ligament. Recent studies in a canine model have shown that the transplantation of PDL-d derived cells can regenerate periodontal tissue [9, 10] . Periostin can usually be found in periodontal ligament and the periosteum. It is important for tissue stability and tissue response to inflammation. Periostin binds to extracellular molecules such as type 1 collagen and tenascin-C and increases the collagen fiber diameter, resulting in greater tissue strength. A previous study has shown that periostin levels are elevated after the surgical treatment of periodontal disease [11] . The periostin level increased over time, and this increase was correlated with the healing process in healthy tissue and in periodontal disease [12] . The presence of periostin can improve periodontal wound healing and regeneration owing to its stabilizing effect on the extracellular matrix. In this study, for evaluating cell sheet application to M. nemestrina, the detection of periostin in its protein band was used for histologic evaluation. The periostin band appears in the second and third weeks in the cell sheet and chitosan group, indicating that healing and regeneration began in the second week. Furthermore, it appears in the first two weeks in the RGD cell sheet and chitosan group, indicating that healing and regeneration began earlier than in the cell sheet and chitosan group. The chitosan group did not show any periostin band in the first three weeks, indicating that periostin has not yet started to play a role in healing.
This novel study examines periostin expression in cell sheet applications as a histological evaluation. A previous study of periostin in normal and periodontitis patients showed increased periostin over time that was correlated with the healing process, as found from an ELISA analysis [12] . In this study, the appearance of the periostin protein band in the cell sheet group shows that periostin may play a greater role in promoting healing and bone regeneration. A recent study with RGD conjugation also showed significant mineralization of mesenchymal stem cells after 14 days of osteogenic culture. In combination with chitosan scaffolds, this provides a favorable environment for mesenchymal stem cells to grow and differentiate into fibroblasts and osteoblasts, thus enhancing reattachment and regeneration compared to that in the case of chitosan scaffolds without RGD [13, 14] . This finding matches the one in this study, where the RGD-chitosan cell sheet group showed earlier detection of periostin protein band expression.
Conclusion
The periostin protein band could be detected in the cell sheet groups with chitosan alone or RGDchitosan at different appearance times. Cell sheet application may enhance the role of periostin in promoting healing and bone regeneration. The combination of the chitosan scaffold with RGD results in earlier healing compared to the other groups.
